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Abstract. In the environmental analysis of buildings, Life Cycle Assessment (LCA) is gaining more
and more interest. It is due to the fact, that LCA is very comprehensive in considering many impacts
in all life-cycle phases of the examined building. Since buildings have a complicated geometry that
is built up with numerous constructions that consist of many materials, and the life-cycle includes
many phases, the results of an assessment are likely to be difficult to analyze in detail. In this paper
we introduce a visual method to help architects and analysts to quickly understand the results of an
environmental assessment. It includes the hierarchic visualization of the performance of the individ-
ual elements of the building. Both energy use and environmental impacts can be presented. Also the
contribution of the different life-cycle phases in the overall impact is visualized. There are increasing
efforts nowadays to find the most efficient way to improve the environmental performance of build-
ings [1]. This can be supported with a detailed analysis of the results. The method is presented through
a case study of a realized energy efficient one-family house.
Introduction
The application of Life Cycle Assessment in the building sector has improved a lot in the recent years
[2]. The increased interest is due to the comprehensiveness of the LCA method for considering many
aspects of the environmental impacts of a building [3]. However, there are still many discussions about
what kind of method should be used in the analysis of buildings, including the question of change of
input data during the service period of the building (technologies, energy-mix, waste management,
etc.) [4], or change of the building model because of retrofitting. Different weighting methods and the
question of impact and resource localization are the topics of continuous discussions as well [5, 6].
With the development of methods, more and more software solutions are introduced to enhance the
usage of LCA. Different scopes are defined for these software, such as building certification [7], design
assistance [8] or environmental performance evaluation [9]. Also another scope is to perform fast and
reliable environmental impact analysis in early design stages in order to make improvements in a cost-
and time-effective way [10]. Depending on the scope of the calculations, the software offer results
visualization in charts, reports or only an overall score.
The most widespread visualization method is the pie chart (not only in building related LCA). The
overall result is usually divided into resources, main flows or life cycle stages. The diagram shows
one layer of division. For visualizing energy and material flows a Sankey diagram is a proper choice
[1], but only a few generic LCA software make it available. Another widely used visualization method
is a stacked bar chart, or a multiple stacked bar chart (when comparison is necessary). However, this
also allows only one layer of results division. Other, building related LCA software [11] provide more
detailed results visualization, such as pie charts for each of the environmental indicators, divided into
different construction category or detailed multiple stacked bar charts by impact category divided into
life cycle stages.
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Figure 1. Calculation and modelling structure. The dark highlighted elements are self developed, the
light ones are part of the Honeybee plugin [25]
.
A complete life cycle assessment of a building is a quite complex process (Fig. 1). There is a high
demand for input data on both material and construction side and also on modelling side. Usually
calculations are based on a predefined material database (Ecoinvent [12], GaBi [13], Ökobaudat [14],
etc.). For complete building assessments, many input variables (geometry, materials, etc.) must be
defined and numerous calculations (LCA modelling, energy calculations, etc.) have to be carried out
to get a final result. Since these calculations are built on one another, the result can be very sensitive
to the initial data. Therefore, a deeper understanding of the result is necessary to keep the process
under control. One goal of a building related LCA is to achieve a reduction in environmental impacts.
In early design stages there is a much higher potential of reduction than during the construction or
operational stage [15], so there is a high demand of LCA during the conceptional and the detailed
architectural design process. However, a development in the environmental performance of a design
is only possible, if the weak-points are discovered. This also emphasizes the importance of a deep,
quick and visual analysis of the LCA results. In the following we introduce a method to visually
analyze the results in different depths.
The analyzed building. In year 2015 the company Wienerberger realized a single-family house
as a demonstration project for energy efficient brick houses. The free standing house has 180m2 net
heated floor area, two floors and an optimized self-shading geometry. It is located in the suburbs of
Budapest. A previous study [16] showed that the development of the design in the early stages had
some unused potential for environmental performance improvement, because life cycle assessment
was carried out only after the realization. With the help of this case study we present the visualization
techniques and show how these techniques can help to optimize the environmental performance of the
building. For this analysis variables were described for each building material, for the layer thickness
and for the HVAC system. Using the diagrams a manual improvement of the building is carried out
with the modification of these variables.
Calculation methodology
The structure of the calculation set. In the proposed method many layers of calculation are needed.
Therefore the analysis process is divided into three major modules: model input, calculation engine
and results analysis as shown in Fig. 1. Data input is based on a merged database that incorporates
both LCIA (Life Cycle Impact Assessment) information of construction elements, building related
elementary flows (material, energy, etc.) and physical properties such as thermal conductivity or den-
sity. Materials are assigned to layers that build up constructions. A 3D geometrical model of surfaces
(e.g. walls, floors, roof) and subsurfaces (e.g. windows, doors) is prepared in a modelling environ-
ment to provide a base for building-assigned visualization and geometrical measurements. Then the
desired construction is assigned to the 3D model. Other building-related information is added to the
model, such as function, operational schedules and HVAC systems. At this level a visual control of
the assignments is possible. The complex model is passed to the energy calculation module that be-
sides of the calculation also passes the partial results to the next module. Then the LCA calculation is
executed based on the energy results and on the calculated material quantities and assignments. These
partial results are also stored in order to facilitate further in-depth analysis. The last module provides
different visualization techniques which are discussed further in the next section.
LCA methods. Life Cycle Assessment calculation methods are based on the corresponding stan-
dards for general LCA [17, 18] and building-related LCA [19]. Product stages (A1-3) are covered by
the material database that uses the LCIA information (cradle to gate) of ecoinvent 2 [12]. Construc-
tion stage A4 is covered by the consideration of different transport scenarios adjusted to Hungarian
conditions. Modules B2 and B4 of the use stage (maintenance and replacement) are calculated with
the formula NRj = Int(RSL/ESLj) for each building component, where NRj is the number of
replacement of the building component j, RSL is the required service life of the building (in this
study it equals to the reference service period, 50 years) and ESLj is the estimated service life of the
component j (included in the merged database) according to the applicable standards [20]. Module
B6 (operational energy use) is calculated automatically based on the steady state seasonal method of
the Hungarian building energy regulation [21]. End-of-life stages of C2 and C4 are considered using
disposal and transport scenarios based on our assumptions, and are included in the merged database
for each material. Other modules are not considered in this study, because they are expected to have
low impact on the final environmental performance [22]. The material quantities are calculated au-
tomatically using the geometrical and construction data of the model. Different predefined HVAC
systems are used. In the following only the results for cumulative energy demand (non-renewable) is
presented, but the method is applicable for any other environmental indicator.
Software environment The whole calculation method is implemented in Rhinoceros3D [23] and
Grasshopper [24] environment. The building geometry is modelled in Rhino and connected to the
Grasshopper model. The energy model is built with Ladybug&Honeybee plug-in [25] for Grasshop-
per using the predefined materials of the database. Additional structures that do not affect the energy
performance such as foundation and roof over the unheated attic were not considered in this study.
HVAC assignment, energy calculation, LCA calculation and visualization modules are developed us-
ing Python elements in Grasshopper. The visualization is projected back to Rhino, in order to facilitate
3D views. The use of one environment for all the modules allows for automated calculations needed
for optimization and also for real-time result views in case of parameter change.
Data visualization and analysis
Overall result views. The analysis of the results is provided at three different levels. The first is the
cumulated amount of the observed environmental indicator. For a more detailed analysis the result
can be divided into subcategories by life cycle stages. These stages can also be subcategorized differ-
ently as described in the following. The operational energy use can be divided into heating, cooling,
domestic hot water (DHW) and ventilation. Each of these has direct and auxiliary energy use, which
can also be subject of subdivision. The production, maintenance and disposal stage that depend mostly
on the embodied materials can be divided into impacts caused by the envelope, the internal structures
and the HVAC systems. These can be further divided into individual surfaces, and the impact of the
surfaces can be divided into the impact of the materials used for the assigned construction. This kind
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Figure 2. Sunburst diagram of Cumulative Energy Demand (non-renewable energy sources). The
left diagram represents the initial variant, the right one represents the final, improved variant of the
case study building.
of data structure is visualized in a sunburst diagram (Fig. 2). The subcategories of the tree branches
with little impact – for example disposal stage in Fig. 2 – are not visible in order to make the diagram
more interpretable. Also the division of branches with many subcategories – for example the indi-
vidual surfaces of the envelope – are not shown because of the same reason. The overall size of the
diagram represents the cumulated environmental impact in order to facilitate comparison.
Improvement potential of the case study building. The left diagram of Fig. 2 shows the results
of the initial variant of the building. It is visible that the operational stage has the highest impact and
within that heating and domestic hot water production has the most influence. In order to lower this
impact, the condensing gas boiler is changed to heat pump for both heating and DHW. The diagram
also shows that on the production and maintenance side the envelope of the building is the most
significant, and within that the walls and fenestrations have high contribution.
(a). Envelope constructions(front) (b). Envelope constructions (back) (c). Internal constructions
Figure 3. Cumulative Energy Demand of the individual constructions in the Production stage
(A1-3). The envelope and internal constructions are displayed separately.
3D representation of partial results. For further understanding, the results are also visualized
on the geometrical 3D model of the building. The life cycle environmental impact of the individual
constructions are shown in Fig. 3. The color of the surface represents the contribution in the overall
environmental impact. The impact is differentiated between inner (Fig. 3c) and outer (Fig. 3a,3b)
surfaces. This enables the analyzer (architect, engineer, etc.) to find the building elements with the
highest improvement potential. The further analysis of the construction is possible with the help of a
donut chart that shows the distribution of the indicator between the building materials shown in Fig.
4.
Application for the case study. The geometrical representation in Fig. 3b shows that the construc-
tion of the top slab, the arcade slab and the bracing walls have the highest impact per square meter.
The diagrams of Fig. 4 show that the insulation materials have the most significant influence, so as a
next step of improvement these materials are changed from mineral wool and extruded polystyrene to
cellulose insulation.
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Figure 4. Cumulative Energy Demand of the Production Stage (A1-3) of the most significant
constructions.
Fig. 5 represents a different categorization of the impacts apart from the operational stage. The
impacts are allocated to the materials, and the materials are subcategorized into life cycle stages. The
left diagram shows that the autoclaved aerated concrete material of the walls has a high impact because
of the high amount of material used in the house, so the material is changed to ceramic brick. Because
of the same reason the windows are changed from plastic to wooden frame.
Energy performance visualization. To analyze the operational stage, a deeper understanding of
the energy performance is needed. Therefore a visual representation of the solar gains and heat losses
is shown in Fig. 6a and Fig. 6b for each zone. The integration of these two gives the energy balance
(Fig. 6c). In order to achieve improvement in the energy performance, the total heat loss for each
surface of the envelope is represented on Fig. 7a. In comparison, the solar gains of the fenestration
surfaces are shown in Fig. 7b. Numerous further methods for the analysis of the energy performance
are discussed in the literature, but the review of them would exceed the scope of this study.
Application for the case study Fig. 7a shows, that within the opaque constructions of the enve-
lope, the pitched roof structure of the living room has the highest energy losses. Although this would
lead the intuition of the designer into an increase of the insulation in the roof construction, the sunburst
diagram of the overall environmental performance shows, that the increase in the embodied energy
would exceed the decrease of the operational energy use, so no change is applied in this situation.
Goals of these representations is to discover the weak-points of the building either in the environ-
mental or the energy performance. The integrated environment enables manual intuitive performance
development through immediate response on a variable change as presented above.
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Figure 5. Cumulative Energy Demand of the materials (production, maintenance and disposal) used
in the case study house. The left diagram represents the initial variant, the right one represents the
final, improved variant.
(a). Cumulated solar gains (b). Cumulated heat losses (c). Energy balance
Figure 6. Energy balance of zones
Discussion
The right diagrams of Fig. 2 and Fig. 5 represent the final, improved variant of the house. The overall
score shows, that with these few steps a significant reduction of 34% was achieved. The case study
showed, that such visualization tools can help to deeply analyze the results of an LCA calculation.
This technique also facilitates an efficient manual optimization process. However, the designer still
does not have any information about how far the overall optimum is. Also, this process would lead to
different solutions for different environmental indicators. Apart from these weaknesses, understanding
the structure of the result is still important, because it also helps to discover errors in the calculation.
Further development
As a further development of this technique the implementation of an automated process of the above
described optimization, and the use of dynamic responsive charts would be desirable. As a help for
the architect, suggestions for alternative variants for a specific design would be also beneficial. Dif-
ferent methods for the energy calculation module would probably alter the results, and more precise
calculations (e.g. energy simulations) would help to increase the reliability. On the other hand, this
(a). Heat losses. The more red the surface is, the more
loss it accounts for.
(b). Solar gains. The more red the window is, the more
solar gain it collects.
Figure 7. Energy balance of the envelope surfaces
would require a higher computational cost that would decrease the possibility for real-time results
visualization. Also, the integration with BIM models would extend the use of these visualizations.
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